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Summary

This report consists of two parts. The first part defines certain characteristics of railway
alignments and introduces the use of curvature and slew diagrams for evaluating and
comparing alignments.

In the second part, a base is formed to compare equally costly alignment alternatives.
A parametric representation of the alignment is introduced. The axes in the parametric
representation consist of the variables to be evaluated, and within the space (with at
least two dimensions) boundary conditions are defined which are related to obstacles
along the alignment. Comparisons without such boundary conditions cannot be regarded
as being based on equal costs. The comparisons in this document are regarded as
preliminary since the vehicle reactions are not adequately predicted.

Three sets of alignment problems are discussed in detail. First, the choice of radius and
length of transition curve for a single curve between two straight lines is analysed. With
the help of slew diagrams, it is concluded that a binding obstacle in the middle of the
curve and a binding obstacle on the connecting straight line define two extremes where
a lengthening of the transition curves requires the smallest and the largest compensation
respectively in the curve radius. The necessary compensation in curve radius also
depends on the angle between the two straight lines.

With the positions of the obstacles in mind, different types of transition curves are
evaluated and compared. The first, second and third derivatives of curvature are
calculated and related to the associated lateral shifts and the shortenings of adjacent
elements. The derivatives of the curvature might be expected to be correlated to the
lateral jerk and its derivatives in the vehicle body, even though these relations are
complex.

When binding lateral obstacles are placed in the adjacent elements, the derivatives
should be related to the lateral shift. When a longitudinal obstacle (turnout) is placed in
an adjacent element, the derivatives should be related to the shortening of the adjacent
element. It is concluded that a simplified version of the transition curve according to
Ruch gives the lowest values of the first and second derivatives of curvature, both when
the derivatives are related to lateral shifts and shortenings of adjacent elements
respectively. In this comparison, the clothoid and the Helmert curve are regarded as
special cases of the Ruch curve. With the Ruch curve, it is also easier to balance the
magnitudes of the first and second derivatives of curvature. The Ruch curve and the
clothoid are also more convenient (compared with other types of transition curves) for
defining geometries in elements connected to the branch line of a curved turnout.

Finally, the horizontal alignment in crossovers is discussed. When different curvature
patterns are compared, the boundary condition should define the length of the entire
crossover (at a predefined lateral distance between the through tracks). With such an
approach, it is obvious that turnouts with a transition curve at the heel in the branch line
do not necessarily require a smaller radius in the main part of the turnout curve, as stated
by others. The benefit of such a transition curve must be evaluated with simulations (or
full scale testing) of vehicle reactions.
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On the other hand, if a transition curve is placed at the tip of a turnout, this transition
curve will require a reduction of the radius. Hence, the advantage of these transition
curves is assumed to be smaller compared to the advantage of those in the middle part of
the crossover.

Keywords: Alignment, track geometry, transition curve, turnout, crossover, curvature,
track irregularity, misalignment, slew, lining machine, regression analysis, acceleration,
jerk, passenger comfort.
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PART I INTRODUCTION

1. Background

This report is one of a number in a project concerning optimisation of the alignment of
railways. Railway alignment has a high degree of permanence. Installations such as
track superstructure, catenary system etc., are less permanent since these subsystems are
commonly renewed without alteration of the alignment. When building new lines,
obstacles along the route are relatively few, and the available terrain corridor should be
used in the best possible way to adapt the alignment for future requirements.

In track renewals, the number of obstacles along the railway is higher, since these
include the original obstacles plus the railway-specific installations (such as catenary
masts, bridges etc.) along the railway. Therefore, the possibilities of improving the
alignment are limited. However, insight into design (as shown by Baluch 1982, 1983,
Hashimoto 1989, Schramm 1977, and Weigend 1988) should nevertheless enable
improvements to be made.

Analysis of the alignment improvements involves several areas of science. The
evaluation of passenger comfort is analysed in Kufver (1997a) and the evaluation of
track/vehicle interaction is analysed in Kufver (1997b). In this report, the geometrical
basis for comparing alignments will be analysed.

When designing a curve between two straight lines, or a crossover between two adjacent
tracks, there are an infinite number of element combinations which can be used. It is not
possible to evaluate all these combinations. Also, if the alignment alternatives are
chosen arbitrarily, this might lead to the wrong conclusion.

Some type of boundary condition must be introduced to make the comparisons
meaningful and relevant. Two curve combinations which are compared should have the
same lateral position in at least one cross-section of the line (where an obstacle is
assumed to be placed). If two alignment alternatives can pass the same obstacles, they
are assumed to be equally expensive to build. In order to enable general conclusions to
be drawn, the cross-sections where all the alternatives have the same lateral position
must be chosen with care. Such comparisons are analysed in Chapters 7 and 8.

At another level of optimisation, it might be interesting to compare alignment
alternatives which do not fulfil the same boundary conditions, for example one
alternative which passes an existing installation and another alternative which requires
the installation to be removed. In such an analysis, it seems reasonable to compare the
best alignment alternative fulfilling the boundary condition in question with the best
alignment alternative where the condition is relaxed (derived with the methods in this
document). Such “higher level” comparisons, which show the net improvement
achievable at a higher cost, will not be discussed further in this document.

When different curvature patterns in a crossover are analysed, it seems reasonable to
compare crossover alternatives with equal lengths (at a predefined track spacing). Such
comparisons will be discussed in Chapter 9.
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Earlier studies in the area of track alignments have not fulfilled these conditions. For
example ORE (1974, 1976) sought to compare crossovers with radius 2000 m but
lacking transition curves with crossovers with radius 2300 m and relatively long
transition curves. As will be shown in Chapter 9, these comparisons cannot be regarded
as relevant (if the purpose is to evaluate the net effect of the use of transition curves).

Kruse (1984) compared existing alignments with the traditional type of transition curves
(the clothoid) with alignments with an other type of transition curve. However, he did
not use boundary conditions related to the position of the track. He noted that his type of
alignment elements requires “insignificantly” more space than traditional alignments
elements and claimed that a sufficient solution would still be achieved. However, this
argument does not hold. It is obvious that the clothoid alternatives could have been
improved and therefore his comparisons are irrelevant to the present study. Also, in the
absence of boundary conditions related to the position, some of the alignments with
clothoids, with which he compares his own layouts, are remarkably poor (since they
have unnecessary compound curves and unnecessarily short clothoids).

Herbst et al (1987) used a few boundary conditions when they optimised the alignment
with an advanced type of transition curve (the cosine curve). In one of their examples,
with 6 fixed points, they used 4 straight lines (2 with zero length), 7 circular curves and
11 transition curves (2 with zero length) for the clothoid alternative. For the cosine
curve alternative, they used 2 straight lines, 6 circular curves (all with zero length) and 7
transition curves. It seems very odd that they used so many degrees of freedom for the
clothoid alternative and it is obvious that with these very few fixed points, the clothoid
alternative could have been improved. The criticism reported in Gurr (1988), that
2 transition curves have zero length and that the minimum radius was 190 m (instead of
the 210 m in the cosine curve alternative), proves nothing since the clothoid alternative

was not optimised.

Also Broman (1982) compared the traditional transition curve (the clothoid) with a new
type of transition curve (the p-curve). However, his boundary conditions do not seem
relevant for road and railway design in practice. When justifying the need for a new type
of transition curve, he forced the length of an adjacent straight line to a predefined
value, instead of using a minimum length. In another comparison between the clothoid
and his p-curve, he forced the length of a circular curve to be zero. If this condition is
relaxed (by allowing a positive length of the circle), a clothoid alternative can be
designed with both smaller curvature and smaller first derivative of curvature than the p-
curve alternative, and the conclusion of Broman would not hold.

However, Hashimoto (1989) has used relevant comparisons. For example, he studied
alternatives where the alternative with a longer transition curve had a smaller radius in
the circular portion. However, since the necessary reduction of radius, depends on the
angle between the adjacent straight lines, it is not clear whether or not the relatively few
comparisons he presented can lead to general conclusions.

In order to create a sound basis for the comparisons of alignments, the analysis of slew
diagrams is carefully introduced in Chapter 4, and the use of a parametric representation
of the alignment (R-Lt plane and R-Ls plane respectively) is introduced in Chapter 7 and
used in Chapters 7 and 9.
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